Abstract: Disclosing the energy performance information for buildings has been expected to become an important policy for controlling energy demand and reducing CO 2 emissions, but its effectiveness remains controversial. This study investigates the effect of energy performance information on consumer residential choice by using a discrete choice experiment in South Korea. The estimation results confirmed that the energy efficiency level of the given housing has a significant effect on consumer residential choice when the related information is actually delivered. Combined with evidence from the simulation study, we suggest that obligating the owners to provide energy performance information to potential buyers/tenants would be necessary for enhancing the use of the information during the consumer decision-making process. Additionally, the simulation result implies that the effectiveness of the policy can be underestimated by the price premium related to energy efficiency. Therefore, we suggest that the government should control the price premium for high-efficiency buildings at the early stage so that the policy related to disclosing the energy performance can be on track.
Introduction
Managing energy demand has been one of the major global tools for reducing greenhouse gas (GHG) emissions to meet the goals of the Paris Agreement (In the Paris agreement, the EU and its members have agreed to a goal of keeping the increase in the global average temperature to well below 2 • C above the preindustrial level binding target to decrease the 1990 GHG emissions by at least 40% by 2030 [1] ). Specifically, reducing energy use in the building sectors has become a critical issue for governments because approximately one-third of global GHG emissions are due to building-related energy consumption [2, 3] . According to a report by the European Union (EU), the household sector consumed approximately 413 Mtoe of energy and became the second-largest energy consumption sector, accounting for 25.4% of the total final energy consumption in 2015 (Transportation, industry, services, agriculture and other sectors make up 33.1%, 25.3%, 13.5%, 13.6%, 2.2% and 0.5% of emissions, respectively). [4] . In South Korea, the commercial and residential building sector accounts for 23% of the carbon dioxide (CO 2 ) emissions in the nation, and it has become the sector that produces the greatest emissions [5] . Thus, constructing more energy-efficient and climate-friendly buildings can contribute greatly towards reducing GHG emissions.
Background

Overview of Policies Based on Building Energy Performacne Certificates
Beginning with the UK's Environmental Assessment Scheme in 1992, a vast number of building energy performance or environmental assessment policies have been used across the world. The EU established the EPBD in 2002, and it has required that an EPC be attached to all transactions involving buildings since 2006. However, not all member states have accepted this policy as an obligation, and thus the percentage of transactions for which a valid EPC is shown to the prospective new tenant or buyer varies from under 10% to 100% (EU members who 100% satisfy the requirement of EPCs for sold and rented buildings: Greece, Spain, France, Hungary, Italy, Lithuania, and Slovakia [24] ). The US also has a green building certification, which is a self-regulation program developed by a voluntary and non-profit private organization, the US Green Building Council (USGBC). Table 1 summarizes some major EPC policies. The Korean government also started its own building energy consumption certificate system, in 2013. The Building Energy Assessment (BEA) charges the homeowners of any apartment that consists of over 500 residential units to provide information of how much energy the house consumes and requires. The BEA provides some information such as the building energy efficiency level, the amount of CO 2 emissions, and the building energy consumption and requirements. In South Korea, the building energy efficiency levels consist of 10 total grades from Grade 1 +++ to Grade 7, as shown in Table 2 . The amount of CO 2 emissions indicates the gas emissions during operations and activities, such as the combustion of fossil fuels to provide heating, cooling and lighting. Energy consumption refers to the actual amounts of energy consumed by residents for the past three years. The building energy requirements cover the heating and cooling, lighting, water boiling, and ventilation, and they were calculated in building system segments. The intention of the original policy was to oblige homeowners to provide the buyer/tenant with all information, including the EPC, when the house was sold or rented. However, instead of making a mandatory rule, the Korean government chose to make available the energy performance data of housing units in buildings that contain over 300 units to the public online at all times as of 2016 (Energy consumption and efficiency level data are provided in partnership with estate portals such as Green Together [32] , Naver Real Estate [33], Real Estate 114 [34] , and Minwon 24 [35] ), and they renamed it the DUBEP. This decision was based on the intention to deregulate real estate speculation and improve the utilization of building energy efficiency information [36] . The currently provided EPC based on the DUBEP is shown in Table 3 . Column 1 and 2 in Table 3 represent the designed performance of the building, and column 3 & 4 represent the actual energy performance of the consumers.
The ultimate aim of these environmental assessments, including the DUBEP system, is to establish a virtuous cycle between real estate demand and the supply sector, encouraging consumers to rent or buy more energy-efficient buildings so that more energy-efficient buildings are voluntarily supplied. Thus, understanding the impact of EPC information on consumer preferences during residential choice is necessary to provide guidelines for enhancing the policy and contributing to higher public acceptance. 
Literature Review
While the EPC and the relevant policy have been in place for more than 10 years, there is a great deal of debate and controversy regarding the effectiveness of the policy [8] [9] [10] 18, 19, 37, 38] . Dascalaki et al. (2012) [37] present the status of the EU Directive on the energy performance of buildings in Greece, emphasizing some practical difficulties related to implementation. Murphy (2014) [9] analyzes the impact of the EPC on Dutch private dwelling buyers, and Amecke (2012) [8] investigates how much the EPC influences real estate uses (i.e., sale and rental market transactions) in Germany. These studies conclude that the EPC has played a limited role in purchasing decisions and has been less effective than expected in the beginning. Lainé (2011) [10] even states that the EPC has little impact on residential choices due to insufficient information and policy communicability. By contrast, some studies have emphasized that the EPC has a positive impact on consumers including home owners and tenants [18, 19, 38] . Bull et al. (2012) [38] insist that a building energy certificate is a tool for behavioral change, and that it has a positive impact on the energy consumption of public buildings in Europe. As for homeowners' or landlords' perspectives, Comerford et al. (2018) [18] show evidence that the EPC has potential to induce the consumers to retrofit the house in England. Van Middelkoop et al. (2017) [19] also show that the consumers in the Netherlands who are well indicated to have knowledge of EPC allow their landlords to implement more measures to improve the energy performance of buildings. 
While the EPC and the relevant policy have been in place for more than 10 years, there is a great deal of debate and controversy regarding the effectiveness of the policy [8] [9] [10] 18, 19, 37, 38] . Dascalaki et al. (2012) [37] present the status of the EU Directive on the energy performance of buildings in Greece, emphasizing some practical difficulties related to implementation. Murphy (2014) [9] analyzes the impact of the EPC on Dutch private dwelling buyers, and Amecke (2012) [8] investigates how much the EPC influences real estate uses (i.e., sale and rental market transactions) in Germany. These studies conclude that the EPC has played a limited role in purchasing decisions and has been less effective than expected in the beginning. Lainé (2011) [10] even states that the EPC has little impact on residential choices due to insufficient information and policy communicability. By contrast, some studies have emphasized that the EPC has a positive impact on consumers including home owners and tenants [18, 19, 38] . Bull et al. (2012) [38] insist that a building energy certificate is a tool for behavioral change, and that it has a positive impact on the energy consumption of public buildings in Europe. As for homeowners' or landlords' perspectives, Comerford et al. (2018) [18] show evidence that the EPC has potential to induce the consumers to retrofit the house in England. Van Middelkoop et al. (2017) [19] also show that the consumers in the Netherlands who are well indicated to have knowledge of EPC allow their landlords to implement more measures to improve the energy performance of buildings.
As another positive impact on the appearance of the resultant of EPC is a price premium. By investigating the impact of EPC on house price, some studies have found that the price premium is positively related to a higher EPC level [16, 17] . Fuerst et al. (2016) [16] conclude that in the UK there Sustainability 2018, 10, 4297 6 of 18 are positive price premiums for houses in higher efficiency rates (A/B and C), and there are discounts for lower efficiency rates (E and F). Hui et al. (2017) [17] shows that prices of energy certified buildings are 4.4 percent higher than those of non-registered buildings in Hong Kong.
Although many studies have focused on building energy performance and related policies, only a few studies have attempted to analyze consumer perceptions of energy-efficient buildings [20, 21, [39] [40] [41] [42] [43] . Hoffman and Henn (2008) [39] and Yau (2012) [40] demonstrate that consumers are affected by several factors when deciding to move into energy-efficient buildings, such as economic or/and psychological reasons. Encinas et al. (2018) [42] and Liu et al. (2018) [43] investigate the consumers' willingness to pay for energy efficient buildings, and both conclude that people tend to pay more for higher level of energy efficient buildings. Chau et al. (2010) [20] apply discrete choice experiments to identify the factors affecting the preference for energy-efficient buildings in Hong Kong. Similarly, Luo et al. (2017) [41] analyze the green building market from a consumer perspective based on conjoint analysis. Four attributes such as the energy types (green energy or conventional energy), IEQ (indoor environmental quality), construction material, and price are considered here. Even though they represent the preference for green buildings from consumer perspectives, there is no evidence that these attributes affected the actual residential choice because of the availability and acceptance of the building information. For example, some attributes such as the annual energy consumption and monthly management fees in Chau et al. (2010) [20] are actually unknown, unless the information is given to the tenant/buyer directly. Likewise, Carroll et al. (2016) [21] include the building energy rating as an attribute in residential choices to estimate the consumers' willingness to pay. However, it is difficult to define that they have confirmed the effect on energy efficiency information itself since the efficient-rating information is assumed to be provided to consumers. As Carroll et al. (2016) [21] suggested, asymmetric information regarding energy efficiency would lead consumers to make suboptimal decisions.
To summarize, most of the previous studies did not identify the influences that the EPC-related policy exerted over the overall housing market. In addition, none of these studies consider the obtainability of the energy efficiency information as an attribute of consumer residential choice when examining the effect of the EPC on the housing market in reality. Therefore, this study is intended to analyze the individual preferences on residential choice as affected by EPC information and derive the policy implications.
Method
The Design of the Discrete Choice Experiment
Because the DUBEP policy was recently initiated, there is insufficient data to analyze the consumer residential choice. Hence, this study uses data on stated preferences. There are several methods to gather the stated preference data. One of approaches is contingent valuation method (CVM), which is directly asking the consumers their willingness to pay [42, 44] . Although the CVM is a simple and easy to conduct, it presents a weakness by suggesting the existence of either overestimate or underestimate of the true values. Another approach is the discrete choice experiment. Discrete choice experiments require the respondents to repeatedly choose the most preferred alternative from different sets of profiles, which consist of the core attributes with their levels [45] . Not only does it allow examining the values of each attribute as impacts of choice, many studies have proved that the discrete choice experiment method has advantages over CVM [46, 47] . To examine the effect of the DUBEP, this study identifies attributes that are relevant to the energy efficiency of buildings as well as factors affecting consumer residential choice.
In reality, consumers change their residence for different reasons [48] . They might move to a different area to enter school, get a job or move to other houses in the same area due to their dissatisfaction with their current housing conditions. Additionally, they might move to a suburban district to experience a new living environment or purchase a more affordable house in the outskirts of Sustainability 2018, 10, 4297 7 of 18 metropolitan cities. Factors affecting the house selection may vary depending on consumer intentions. As a consequence, the choice situation should be controlled during the choice experiment to assess the effectiveness of the energy performance certificate policies. Therefore, this study controlled the residential choice situation by assuming that respondents would make a decision among houses under similar living conditions in relation to the status quo. For example, respondents living in a rental house should imagine that they are continuing to choose the most preferred rental house from the available sets in the same area and with a similar size to the house they currently live in. Based on this assumption, respondents can focus on trading off on the values of conventional housing attributes and EPC information. The designated attributes for residential choice are shown in Table 4 . The first five attributes are major factors in consumer residential choice, as referenced by several studies [48] [49] [50] [51] [52] . The first attribute is the relative housing price compared to the current price of a house. Because the housing price varies by the residential areas of each respondent, the relative housing price is applied instead of using the real price value. By taking this approach, we can consider and control the differentiation of the respondents. Thus, the survey presents the relative housing price at three levels, −10 percent, 0 percent, and 10 percent. Later in the calculation, these values are turned into each respondent's real housing price value, which is collected from the survey.
One of the most crucial factors when purchasing a house is deciding how long it takes to commute to work. To apply this factor, the second attribute is the average commuting time. According to an OECD report (2014) [53] , the daily average commuting time in Seoul is approximately one hour. Based on this value, this study lists three levels for the commuting time, namely 30 min, 1 h, and 2 h at the most. Respondents who do not presently work were asked to answer the survey by considering the situation of family members who do.
The third attribute is the average walking distance to access public transport systems. Kim et al. (2005) [32] suggested that the housing price, the average commuting time and the walking distance to public transportation are the most significant factors for consumers when they purchase their house. According to a report by the Korea Transportation Safety Authority (2016) [54] , the average walking time to first access public transport is 8.9 min in Korea. In addition, assuming an average walking speed of 4 km/hour, most transit users tend to walk 6 to 12 min to access public transport [55, 56] . If individuals have to walk more than 20 min to access the public transport station, they are unlikely to use public transit. Thus, we represented the attribute levels to make sure that respondents consider the walking distance to access the public transport system as follows: Within 5 min, 10 min, and 20 min.
The fourth attribute is the building age, representing the elapsed time since the building's construction. Consumers tend to prefer new buildings, and thus the age of the building would affect the residential choice. Considering the fact that a building reconstruction cycle is normally approximately 15 years in South Korea, the levels of this attribute are set as less than 2 years, 10 years, and 20 years.
The fifth attribute is the average walking distance to schools (i.e., elementary, middle, or high school). According to Lee and Lee (2013) [52] , the consumer places more emphasis on the walking distance to public transportation rather than the distance to schools when they purchase the house. However, that study focused only on new apartments, which were not yet sold; thus, it is necessary to include this variable to check whether their findings still hold up in relation to general housing decision-making.
The sixth and seventh attributes are the most essential variables in this study. To capture the effectiveness of the DUBEP, both attributes must be scrutinized. The sixth attribute, "Obtaining information related to building energy consumption," is whether the EPC information is obtained, so the utility function takes the EPC information into account. Because the EPC is not a mandatory requirement upon the sale or leasing of commercial and residential properties, consumers have to search information about the EPC by themselves. In other words, without being given this sixth attribute, the consumer never knows the building efficiency level, which is indicated as the seventh attribute. Therefore, measuring the value of the information itself is an inevitable step to analyzing the actual consumer preference for the DUBEP. The seventh attribute demonstrates the level of the building's energy efficiency. Although the EPC provides both energy requirement and consumption information, this study focuses only on the energy requirement information because consumption information cannot be provided for new buildings. The attribute levels of energy efficiency are defined by the efficiency rating that is provided for all buildings, regardless of the building age. Even though there are ten rates of building efficiency in all, displaying all ten of them may lead the respondents to be confused about their preferences. According to Ratcliffe and Longworth (2002) [57] , the respondents tend to put more emphasis on the specific attributes that have a large number of levels. Hence, it is desirable that the choice experiment should be composed of a similar number of levels for each attribute. This study acknowledges this issue by reconstructing the ten rates of building efficiency into three levels, which are the high, moderate, and low grades for building energy efficiency levels.
According to the Ministry of Trade, Industry and Energy (2007) [58], the average annual energy requirement per unit volume of space for a residential building is approximately 218.1~248.3 kWh/m 2 ·year. Kim and Cho (2012) [59] also estimated its value as 253 kWh/m 2 ·year. These approximate values have an approximately building energy efficiency level of 3~4. Thus, this study set the building efficiency 1 +++~2 level as "high", 3~4 as "moderate", and 5~7 level as "low" levels of energy efficiency. At the beginning of the survey, the respondents were fully informed about the DUBEP grades corresponding to each attribute level. Moreover, to increase consumer understanding of the attribute levels in the actual questionnaire, the average energy requirement relative to the moderate grade was provided for each level in terms of energy payments and the amount of CO 2 emissions based on the average residential area (i.e., 83 m 2 ).
The combination of attributes and their levels in Table 3 gives 972 alternatives. Because it is difficult to show all 972 alternatives to each respondent, the fractional factorial design method is applied to choose 32 alternatives, dividing them into 8 choice sets that include 4 alternatives. The respondents were asked to choose the most preferred one among 4 alternatives. Table 5 shows a part of the actual choice sets. 
A Mixed Logit Model
This study uses the mixed logit model to analyze consumer preferences in relation to residential choice within the DUBEP system. The mixed logit model is highly flexible to approximate any random utility [60] . According to the random utility theory, the indirect utility of alternative j (j = 1, …, J) for respondent n, Unj, consists of a deterministic component Vnj and a random component εnj with the joint probability density function f(εnj). The deterministic component of indirect utility (Vnj) is assumed to be a function of the attributes (Xnj) and their coefficient vector (βn), as follows: 
where Xj,price, Xj,commute, Xj,transport, Xj,time and Xj,school are explanatory variables that are represented as the real house price, average commuting time, walking distance to public transportation, building age, and walking distance to the nearest school, respectively. In Equation (1), Dn,Region1 and Dn,Region2 are the dummy variables for the respondents' residential areas, as follows: Region 1 (metropolitan region near the capital including Seoul, Incheon, and Gyeonggi-do) and Region 2 (metropolitan region such as Busan, Daegu, Gwangju, Daejeon, and Ulsan). By including interactions between the regional dummy variables and the price, this study takes regional differences into account based on Region 3 (non-metropolitan area) (Because there has been a vast divergence in housing prices across the different regions of South Korea, we separately analyze the preference by three regions: Region 1, Region 2, and Region 3. A special metropolitan city, Seoul, is included in Region 1 with the two other nearest areas, which represents the most populated area. Region 2 includes other metropolitan areas, and Region 3 represents a relatively less metropolitan and a sparsely-populated area in South Korea. Even though there has been controversy about whether an increase in the resident population will increase demand for home sales or not, it is an inevitable fact that there is a host of research directly aligning the population to rising house prices. On a regional basis, Region 1 has the highest average house price followed by Region 2 and Region 3). Dj,info is a dummy variable representing whether the EPC information for alternative j is provided or not. If consumers obtain the information, Dj,info equals 1, and otherwise, it 
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This study uses the mixed logit model to analyze consumer preferences in relation to residential choice within the DUBEP system. The mixed logit model is highly flexible to approximate any random utility [60] . According to the random utility theory, the indirect utility of alternative j (j = 1, . . . , J) for respondent n, U nj , consists of a deterministic component V nj and a random component ε nj with the joint probability density function f (ε nj ). The deterministic component of indirect utility (V nj ) is assumed to be a function of the attributes (X nj ) and their coefficient vector (β n ), as follows:
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where X j,price , X j,commute , X j,transport , X j,time and X j,school are explanatory variables that are represented as the real house price, average commuting time, walking distance to public transportation, building age, and walking distance to the nearest school, respectively. In Equation (1), D n,Region1 and D n,Region2 are the dummy variables for the respondents' residential areas, as follows: Region 1 (metropolitan region near the capital including Seoul, Incheon, and Gyeonggi-do) and Region 2 (metropolitan region such as Busan, Daegu, Gwangju, Daejeon, and Ulsan). By including interactions between the regional dummy variables and the price, this study takes regional differences into account based on Region 3 (non-metropolitan area) (Because there has been a vast divergence in housing prices across the different regions of South Korea, we separately analyze the preference by three regions: Region 1, Region 2, and Region 3. A special metropolitan city, Seoul, is included in Region 1 with the two other nearest areas, which represents the most populated area. Region 2 includes other metropolitan areas, and Region 3 represents a relatively less metropolitan and a sparsely-populated area in South Korea. Even though there has been controversy about whether an increase in the resident population will increase demand for home sales or not, it is an inevitable fact that there is a host of research directly aligning the population to rising house prices. On a regional basis, Region 1 has the highest average house price followed by Region 2 and Region 3). D j,info is a dummy variable representing whether the EPC information for alternative j is provided or not.
If consumers obtain the information, D j,info equals 1, and otherwise, it indicates 0. Accordingly, D j,highE and D j,lowE are dummy variables representing high and low grades of building energy efficiency by setting the moderate grade as the reference level.
The mixed logit model can account for taste variations among consumers by assuming the evaluation of attributes with probability density f (β). When ε n is independent and identically distributed (i.i.d.) with a type I extreme-value distribution, the choice probability of alternative j by consumer n can be expressed as follows [61] :
In the mixed logit model, the researcher can specify the distribution for each coefficient according to its effect on consumer preferences [61] . Although the coefficients are generally assumed to have a normal distribution, a bounded distribution such as a log-normal distribution should be used for the coefficient of the variable, such as the price, in which all consumers tend to have similar preferences [62] . This study applies a normal distribution for all the coefficients except the real house price, which is assumed to have a log-normally distributed coefficient. The coefficients were estimated using Bayesian inference methods.
Based on the estimated coefficients, the consumers' marginal willingness to pay (MWTP) can be calculated as the variation in the compensated surplus of consumers from changes in attributes. The MWTP indicates the amount of money that consumers are willing to pay to maintain their current level of utility when the level of an attribute changes by one unit. The MWTP of each attribute can be calculated as follows:
where X j,price and X jk represent the price and the attribute k other than the price, respectively. The relative importance (RI k ) of each attribute in a consumer's ultimate choice from a series of alternatives can be determined by calculating the "part-worth" of each attribute through the following equation:
Estimation Result
Data
A survey required for the analysis was conducted by a specialized survey company, Gallup Korea, from August to September of 2014 in 15 metropolitan areas, including Seoul, on a thousand adults aged 20 to 69. Using face-to-face interviews, the survey with a total of 25 questions (i.e., demographic characteristics, prior knowledge of DUBEP, choice sets, etc.) was distributed to selected 1000 participants. The participants were selected by using a purposive quota sampling method. The purposive quota-sampling method is based on respondent's the gender, age, and region to maintain a component ratio representative of the population in South Korea. Table 6 shows the characteristics of the respondents. Among 1000 respondents, we only used 942 samples by excluding those who did not answer the questions. Table 7 presents the estimated results of the mixed logit model, and all the coefficients are statistically significant. The coefficient of the housing price (β n,price ) has a negative sign as well as two interaction terms (β n,Region1 , β n,Region2 ), demonstrating the consumer tendency to prefer low-priced houses. Respondents in Region 1 are more sensitive to the housing price than people living in other regions because the housing price in this area is approximately double the nationwide value. Moreover, the respondents' utility decreases as the average commuting time, building age and walking distance to public transportation and school increases.
Results
The attribute of providing EPC information (β n,info ) is indicated with the positive sign. This sign indicates that the consumer utility increases with the acquisition of information on the energy efficiency for a housing option, compared to no information. In addition, under the condition that respondents can check the EPC information, they prefer buildings with higher energy efficiency.
As mentioned earlier, this study provides the MWTPs and relative importance of each attribute to compare the effect of the attribute levels on the housing choice by residential areas. When the EPC information is given, the respondents in Region 1 have a relatively high willingness to pay for high building efficiency level (1 +++~2 level), but they are less likely to avoid buildings with a low efficiency level (5~7 level). Notably, respondents in Region 3 are less willing to pay for the high efficiency level compared to other regions, but they have a higher willingness to pay to avoid less efficient buildings. In addition, the respondents in Region 3 have a high willingness to pay for most of the attributes listed in Table 8 . The last three columns of Table 8 represent the relative importance of all eight attributes. According to the estimated results, the respondents placed the greatest importance on the "price" when they chose the house. It is highly prominent in Region 1 compared to Region 3 due to the extremely high housing price. The average commuting time and building age are the next most important factors. These results coincide with the findings of numerous previous studies in Section 2.2.
Discussion
This study examined the effect of EPC on consumers' residential choice, which is the aspect of housing demand in South Korea. In order to analyze the effect of DUBEP, three simulation studies are conducted based on the estimation results: (i) comparing the choice probability with and without information on the energy efficiency level; (ii) estimating the regional market share by efficiency grade when the EPC is available in all buildings; and (iii) predicting the change in choice probability for highly energy-efficient buildings by differentiating among housing prices. All simulations were derived from the Equation (2) by using the estimated individual's coefficients.
The Effect of EPC Information on the Residential Market
The first simulation study examines whether the provision of EPC information can change the consumer's choice in the actual residential market or not. According to Lee and Moon (2016) [63] , the housing price in Seoul increases by 1% as the level of the building energy efficiency increases by 1 unit. Assuming all the other conditions are equal, the housing price would be affected by the energy efficiency level. We simulated the choice probabilities for 10 hypothetical alternatives from the 1 +++ to 7 levels with differentiating price based on the average market price in Seoul (Since the implementation of the DUBEP system has been started in Seoul, only Seoul has enough data to obtain the average residential prices). Figure 1 shows the choice probabilities for each alternative when consumers obtain and do not obtain the EPC information.
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The first simulation study examines whether the provision of EPC information can change the consumer's choice in the actual residential market or not. According to Lee and Moon (2016) [63] , the housing price in Seoul increases by 1% as the level of the building energy efficiency increases by 1 unit. Assuming all the other conditions are equal, the housing price would be affected by the energy efficiency level. We simulated the choice probabilities for 10 hypothetical alternatives from the 1 +++ to 7 levels with differentiating price based on the average market price in Seoul (Since the implementation of the DUBEP system has been started in Seoul, only Seoul has enough data to obtain the average residential prices). Figure 1 shows the choice probabilities for each alternative when consumers obtain and do not obtain the EPC information. (2), the choice probability of each efficiency level is calculated by using estimated coefficients of individuals. By differentiating housing price and availability of EPC information, the housing market share in Seoul is estimated.
When the EPC information is given, consumers prefer to choose the house with higher energy efficiency rates due to trade-offs between the energy efficiency and the housing price. However, when the EPC information is not given during the transaction, consumers tend to buy less efficient houses depending only on the low price.
The simulation result supports the importance of the obtainability of the EPC information. The simulation result shows that choice probabilities with EPC information increase by approximately 10% for higher-efficiency buildings and they decrease by approximately 22% for lower-efficiency buildings compared when there is no EPC information. As Carroll et al. (2016) [21] suggested, asymmetrical information regarding energy efficiency would lead consumers to make a suboptimal decision. This result has numerically proved the effect of EPC information on mitigating suboptimality by simulating the change in choice probability, and has emphasized the positive effectiveness of EPC information. It is because purchasing the house without obtaining the EPC information would ultimately result in information asymmetry. In order to change the consumers' Choice Probability building efficiency level info is given no info is given Figure 1 . Change in housing market share by EPC information provision in Seoul. Based on Equation (2), the choice probability of each efficiency level is calculated by using estimated coefficients of individuals. By differentiating housing price and availability of EPC information, the housing market share in Seoul is estimated.
The simulation result supports the importance of the obtainability of the EPC information. The simulation result shows that choice probabilities with EPC information increase by approximately 10% for higher-efficiency buildings and they decrease by approximately 22% for lower-efficiency buildings compared when there is no EPC information. As Carroll et al. (2016) [21] suggested, asymmetrical information regarding energy efficiency would lead consumers to make a suboptimal decision. This result has numerically proved the effect of EPC information on mitigating suboptimality by simulating the change in choice probability, and has emphasized the positive effectiveness of EPC information. It is because purchasing the house without obtaining the EPC information would ultimately result in information asymmetry. In order to change the consumers' behavior, this study suggests that the DUBEP system must be strengthened and implemented under compulsory use, rather than through the online disclosure of EPC information as is currently the case. Obligating house owners to provide the EPC information to potential buyers/tenants would increase the choice probabilities of higher energy-efficient buildings, as the Korean government initially intended.
Market Share of Building Energy Efficiency Level by Region
The second simulation is closely examined to find how residential choices are affected by the building efficiency level when the DUBEP system is sufficiently expanded across the country. Because the consumer preference differs from region to region, the market share of the building energy efficiency level may also vary. Assuming all other attributes remain constant except for the energy efficiency level, Figure 2 shows the estimated average choice probabilities for three alternatives by groups of respondents based on their residential region. behavior, this study suggests that the DUBEP system must be strengthened and implemented under compulsory use, rather than through the online disclosure of EPC information as is currently the case. Obligating house owners to provide the EPC information to potential buyers/tenants would increase the choice probabilities of higher energy-efficient buildings, as the Korean government initially intended.
The second simulation is closely examined to find how residential choices are affected by the building efficiency level when the DUBEP system is sufficiently expanded across the country. Because the consumer preference differs from region to region, the market share of the building energy efficiency level may also vary. Assuming all other attributes remain constant except for the energy efficiency level, Figure 2 shows the estimated average choice probabilities for three alternatives by groups of respondents based on their residential region. Figure 2 . Choice probability by building energy efficiency level and region. Based on Equation (2), the choice probability is calculated by using estimated coefficients of individuals. From dividing the estimated coefficients by three different regions, the choice probability of building energy efficiency level is calculated.
When looking at the corresponding choice probability of consumers with different levels of building energy efficiency, it can be said that consumers prefer the highly energy-efficient buildings. This result varies somewhat by region, and the difference is especially pronounced in Region 1; the residents of Region 1 are far more likely to prefer highly energy-efficient buildings compared to the residents of other regions. If there is a sufficient supply of highly efficient housing in Regions 1 or 2, voluntary choices can be made for high-efficiency buildings because of the relatively high maintenance cost. By contrast, the majority of choices are made at a moderate or low level in Region 3. Thus, rather than expecting voluntary changes in the residential market, the policy might be necessary not only to restrict the supply of low-efficiency housing but also to support retrofits of old buildings.
The Effect of EPC Information by Differentiating among Housing Prices
The last simulation is about the housing price effects on energy-efficient buildings. If the DUBEP system is successfully implemented and building owners are motivated to enable energy retrofits in housing, some premium can be added to the housing price. Figure 3 presents Figure 2 . Choice probability by building energy efficiency level and region. Based on Equation (2), the choice probability is calculated by using estimated coefficients of individuals. From dividing the estimated coefficients by three different regions, the choice probability of building energy efficiency level is calculated.
The last simulation is about the housing price effects on energy-efficient buildings. If the DUBEP system is successfully implemented and building owners are motivated to enable energy retrofits in housing, some premium can be added to the housing price. Figure 3 presents the changes in consumer choice probability with respect to highly energy-efficient buildings, when there is a price premium in the housing market. The prices of moderate/low energy-efficiency buildings are assumed to be the same as the current level.
When there is no price premium rate for the highly energy-efficient buildings, the choice probabilities are exactly the same as they are in Figure 2 , representing the highest likelihood among three alternatives. However, as the price premium rate increases, the probability of choosing the highly energy-efficient building decreases dramatically. From these results, it can be said that the effect of EPC information could be underestimated by a price premium for highly energy-efficient buildings. This finding implies that the government's policy to regulate the price premium is necessary at the early stage, until the market assures a sufficient supply of high energy-efficiency buildings. If the EPC-related policy is on track and consumers are fully aware of the value of energy efficiency, this type of rebound effect will slowly disappear.
consumer choice probability with respect to highly energy-efficient buildings, when there is a price premium in the housing market. The prices of moderate/low energy-efficiency buildings are assumed to be the same as the current level.
When there is no price premium rate for the highly energy-efficient buildings, the choice probabilities are exactly the same as they are in Figure 2 , representing the highest likelihood among three alternatives. However, as the price premium rate increases, the probability of choosing the highly energy-efficient building decreases dramatically. From these results, it can be said that the effect of EPC information could be underestimated by a price premium for highly energy-efficient buildings. This finding implies that the government's policy to regulate the price premium is necessary at the early stage, until the market assures a sufficient supply of high energy-efficiency buildings. If the EPC-related policy is on track and consumers are fully aware of the value of energy efficiency, this type of rebound effect will slowly disappear. Figure 3 . Choice probability for highly energy-efficient buildings with a price premium. Based on Equation (2), the choice probability is calculated by using estimated coefficients of individuals. The estimated coefficients are divided by three different regions, and the choice probability of high energy efficiency level is calculated by increasing the percentage of the consumer's actual housing price.
Conclusions
This study investigated the effect of EPC information on consumer resident choices in South Korea. Using discrete choice experiments, this study analyzed how consumers use the EPC information related to the building energy efficiency when they decide to buy/rent the house. In addition, a simulation study is analyzed to examine the effect of the DUBEP system based on the result of the consumer preferences analysis. The results of this study showed that the building energy efficiency level has a significant effect on consumer residential choice when consumers were provided with this information. Consumers also prefer highly energy-efficient buildings when the EPC information is available. Although some previous studies have argued that there are limitations in the effects of the EPC information, this study confirms that consumers assign a high value to the available information on building energy efficiency.
Despite these policy implications, there are some limitations in this study. First, the situation of residential choice was limited by assuming that the respondents would make a decision among . Choice probability for highly energy-efficient buildings with a price premium. Based on Equation (2), the choice probability is calculated by using estimated coefficients of individuals. The estimated coefficients are divided by three different regions, and the choice probability of high energy efficiency level is calculated by increasing the percentage of the consumer's actual housing price.
Despite these policy implications, there are some limitations in this study. First, the situation of residential choice was limited by assuming that the respondents would make a decision among houses with similar living conditions to the status quo. If this assumption is relaxed, the effect of EPC information on consumer utility may be different. Second, if the market data on the actual housing choice is sufficiently accumulated under the DUBEP policy, a more realistic analysis will be possible.
Lastly, because this study did not consider the effect of demographic variables, future research will need to take these data into account.
Author Contributions: All authors have played an important role in this study. H.L. designed the survey questionnaire, gathered the data, analyzed the model and wrote the manuscript. M.L. brought the research idea, investigated the current issues regarding of EPC, and reviewed and edited the manuscript. S.L. outlined the methodology, developed and analyzed the model, and wrote and edited the manuscript. All authors have read and approved the final manuscript.
Funding: This research was funded by Korea Ministry of Environment as the Climate Change, correspondence R&D program 2014001300001.
